SUMMARY: A study of variations of solar spectral irradiance (SSI) in the wavelength ranges 121.5 nm-300.5 nm for the period 1981-2009 is presented. We used various data for ultraviolet (UV) spectral lines and international sunspot number (ISSN) from interactive data centers such as SME (NSSDC), UARS (GDAAC), SORCE (LISIRD) and SIDC, respectively. We reduced these data by using the MATLAB software package. In this respect, we revealed negative correlations of intensities of UV (289.5 nm-300.5 nm) spectral lines originating in the solar chromosphere with the ISSN index during the unusually prolonged minimum between the solar activity cycles (SACs) 23 and 24. We also compared our results with the variations of solar activity indices obtained by the ground-based telescopes. Therefore, we found that plage regions decrease while facular areas are increasing in SAC 23. However, the decrease in plage regions is seen in small sunspot groups (SGs), contrary to this, these regions in large SGs are comparable to previous SACs or even larger as is also seen in facular areas. Nevertheless, negative correlations between ISSN and SSI data indicate that these variations are in close connection with the classes of sunspots/SGs, faculae and plage regions. Finally, we applied the time series analysis of spectral lines corresponding to the wavelengths 121.5 nm-300.5 nm and made comparisons with the ISSN data. We found an unexpected increase in the 298.5 nm line for the Fe II ion. The variability of Fe II ion 298.5 nm line is in close connection with the facular areas and plage regions, and the sizes of these solar surface indices play an important role for the SSI variability, as well. So, we compared the connection between the sizes of faculae and plage regions, sunspots/SGs, chemical elements and SSI variability. Our future work will be the theoretical study of this connection and developing of a corresponding model.
INTRODUCTION
The variability of solar spectral irradiance (SSI) in ultraviolet (UV) spectral range was significantly stronger in the last solar activity cycle (SAC) 23 than in the previous SACs 21 and 22. However, the cycle 23 did not behave as predicted: it was a magnetically weaker cycle and complex in terms of magnetic morphology (Gibson et al. 2011) , it was weak in sunspot number and facular activity (de Toma et al. 2004) , Mg II index and 10.7 cm solar radio flux (F10.7) than the two previous cycles 21 and 22 (Fisk and Zhao 2009) . On the other hand, as has been argued in Krivova et al. (2003) , the SSI variations in cycle 23 could not be explained in terms of surface magnetic features alone. It implies another or additional mechanisms such as sunspots, faculae, plages and chromospheric network for irradiance change.
We investigate an unexpected increase in SSI intensity for some spectral lines in the SAC 23 from our data analysis and correlate this increase with faculae and plage regions, and sunspot/sunspot group numbers and classes. In previous studies, the anomaly in SAC 23 was correlated with the international sunspot number (ISSN) observations alone rather than taking into account different sunspots and sunspot group classes and their structures, separately. The very specific and important studies of Lefévre and Clette (2011) , Kilcik et al. (2011) and Kilcik et al. (2014) showed us the importance of the number and the class of small and large sunspots and/or sunspot groups (SGs) on the solar disc and their effects on the SACs.
In addition to this, helio-seismic data have also showed a surprising anti-correlation between frequencies and activity proxies during the minimum between SACs 23 and 24 (Tripathy et al. 2010) . The heavy element abundances affect the helio-seismology by causing changes in the convection zone structure, and changes in the convection zone will affect the radiative opacities, the boundary between the radiative and convective zones and the equation of state (Basu and Antia 2004) . The carbon group elements (e.g. carbon, silicon, germanium, tin and lead) and the bound-bound absorption of the metallic lines below 400 nm are the most important opacity sources (Fontenla et al. 1999) .
From all these different points of view, the aim of this paper is the comparison of some selected SSI intensities for SACs 21-23 in the UV spectral range with the possible variations of chemical element ions corresponding to these wavelength ranges. We mainly concentrate our attention on this variation, in addition to this, we apply the variations of sunspots/SGs, plage regions, faculae and Ca II K-flux on the anomalies of the SSI variability between the spectral ranges 121.5 nm-300.5 nm and the changes in related chromospheric ions between the years 1981-2010.
The organization of the paper is as follows. In Section 2, we give the data description, clarify the data analysis technique and present the data analysis results for SSI, ISSN and spectral lines in the first part; we compare our results with sunspots/SGs, plage regions, faculae and Ca II K-flux which were taken by the ground-based telescopes in the second part. In Section 3, discussions about the data analysis results are presented and in Section 4, conclusions are given.
DATA DESCRIPTION, DATA
ANALYSIS AND RESULTS
Data description and data analysis technique
The peculiarities of SAC 23 in the UV spectral range caused us to investigate the SSI variations for wavelengths 121.5 nm-300.5 nm to reveal possible special features of irradiance variations through SAC 23. Based on consideration of the abnormality of SAC 23, we decided to find out how well the irradiance variability of different spectral bands coincides with the ISSN for different SACs 21-23 and we estimated the existing correlations quantitatively.
Firstly, we investigated the SSI intensities in the range of 121.5 nm-300.5 nm for SACs 21, 22 and 23 obtained by Solar Mesosphere Explorer (SME)
† for the years [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] (the available wavelength range 115.5 nm-302.5 nm), Upper Atmosphere Research Satellite ‡ (UARS) for the years 1992-2001 (the available wavelength range 119.5 nm-425.5 nm) and The Solar Radiation and Climate Experiment § (SORCE) for the years [2003] [2004] [2005] [2006] [2007] [2008] [2009] (the available wavelength range 116.5 nm-1598.95 nm) experiments. Time series of SSI have been extracted from data centers of National Space Science Data Center ¶ (NSSDC), Goddard Distributed Active Archive Center (GDAAC) and LASP Interactive Solar Irradiance Data Center * * (LISIRD) that served the archives of NASA space science mission data. The data contain hourly and daily measurements, and they are merged into ASCII text-files making data convenient. These different interactive data centers have taken the observational data for each 0.5 nm in the UV spectral range, so we made our analysis for each 0.5 nm wavelength interval. A list of the selected data for UV spectral range used in the present analysis is given in Table 1. In this  table, space flight experiments and data archives are indicated as well. The data processing includes: (a) extracting and compiling of selected quantities; (b) creation of the homogeneous local data set of formatted data; (c) statistical processing of investigated data (regression analysis, correlation analysis).
The determination of SSI variability and finding accurate results below 400 nm is not easy. Investigations of de Toma et al. (2001) illustrate the difficulty in using simple proxies and regression techniques to deduce physical sources of SSI variability. Dudok de Wit et al. (2009) indicate that the best results for SSI have been taken from experimental data by using statistical analysis or by computing some special events. Besides analyzing techniques, there is another important problem with the choice of minimum days because the day-to-day solar irradiance variability is small at low levels of solar activity (Floyd et al. 1998) . From this respect, we had to eliminate or reduce to a minimum the numbers of errors for these important problems to analyze the SSI variability. Table 1 . List of the selected data for UV spectral ranges used in the present analysis is given. The space flight experiments and data archives are indicated as well.
Selected Data for Processing
The Spaceflight Experiments and Data Archives and Origin Region 1981 Region -1986 Region 1987 Region -1990 Region 1992 Region -1996 Region 1997 Region -2001 Region 2003 Region -2009 Table 2 . Correlation coefficient values (with standard errors) correspond to the intensity profiles of the selected spectral lines with ISSN.
Spectral Lines
Correlation Coefficients (r c ) 1981-1986 1987-1990 1992-1996 1997-2001 2003-2009 121.5 1981-1986 1987-1990 1992-1996 1997-2001 2003-2009 121.5 1981-1986 1987-1990 1992-1996 1997-2001 2003-2009 121.5 1981-1986 1987-1990 1992-1996 1997-2001 2003-2009 (a * ) Interpolation of missing data: Linear data interpolation was used in the case when data were missing. We interpolated daily values of data indices to get continuous and spectrally resolved measurements of the irradiance and more obvious trends of time series for SACs 21, 22 and 23.
(b * ) Primary processing of selected data (timed average, smoothed average): Since there were several data for a given day, we used the average values. The SSI data after the interpolation and timed/smoothed averaged processing are given in Figs. 1-3 . These data will be used for regression analysis and standardization.
(c * ) Regression analysis of selected data to reveal linear trends: For the linear regression we first calculated the estimated A and B coefficients:
to find the equation of the best fit line above and the relationship between selected SSI and ISSN data by:
where the independent variable x i corresponds to 10-day averaged values selected from the ISSN data and the dependent variable y i corresponds to the SSI data, N is the total number of data, i indicates the number of measurements, σ A is the deviation of selected data for coefficient A, σ B is the deviation of selected data for coefficient B and σ y is the standard deviation for the selected SSI data. ∆ and σ y are given by: 
We calculated the standard deviation for each case and estimated the accuracy of the linear trend coefficients. In Eq. (7), we added (N -2) as a denominator because this value gives us the best estimation result for the standard deviation of the selected data. The linear trends for the relationships between ISSN and 121.5 nm-300.5 nm spectral line intensities are computed by the least-squares method.
(d * ) Determination and estimation of correlation coefficients for the time series of the selected data: To explore the correlation between the SSI variations and ISSN during SACs, we investigated a relationship between these parameters using the 10-day averaged data and calculated correlation coefficients (r c ) between intensity variations of separate SSI and ISSN data. We used the following equation: We used different time/moving averages as "10" and "61" because we divided the sum of the daily data for the past 10 days by the number of days (10) to arrive at the 10-day average, however, a 61-day low-to-low cycle that turns back up is a high-probability patternrecognition scheme. Especially, in the last SAC, applying moving averages of 61 points caused us to find high-probability calculation results to show the important changes in the decreasing phase of SAC 23.
The r c values corresponding to intensity profiles of the selected spectral lines are given in Table 2 , and coefficients of determination (R 2 ) are stated in Figs. 1-3, as well. The detailed explanation of this method and its applications can be found in the work of Gigolashvili and Kapanadze (2012b). 31 December 1986, and (b.1), (b.2), (b.3) 
Data analysis results
We examined more than twenty-five years of the SSI data obtained by space experiments in the previous section, and followed four processing steps to analyze the selected data. Secondly, the SSI and ISSN data were standardized by the equation:
where y s is the standardized value, y i is the daily value of time series of the selected data,ȳ is the time averaged value of time series of the selected data, and σ y is the standard deviation of time series of the selected data.
The magnetic field, sunspot number, facular activity, Mg II index, and F10.7 were lower depending on the 13 years length of SAC 23 but these lower values did not stop the increase of the SSI intensity in the 300.5 nm spectral line as seen in Fig.3 . Therefore, this increasing caused us to investigate phenomena different from the previous studies, and we tried to connect this increase of the SSI intensity with the classes and the numbers of sunspots/sunspot groups, faculae and plage regions, and Ca II K index and thereby investigate the possible elements corresponding to these wavelength ranges and examine whether these elements affect the increase or not. All the spectral lines between the ranges 121.5 nm -300.5 nm and 200.5 nm -300.5 nm were taken from the Harrison atlas (Harrison 1939) and the work of (Doschek et al. 1977) , respectively.
Most of the chromospheric emission lines formed at temperatures below 2 × 10 4 K are emitted by chromospheric ions (Doschek et al. 1977) . The main chromospheric emission lines for the 0.5 nm wavelength interval in the range 200.5 nm -300.5 nm are C II, Co II, Cr II, Fe II, Mg II h&k line, Mn II, Ni II and Ti II, and all these emission lines are a function of wavelength (Haberreiter 2010) .
The core of the Mg II line appeared in the chromosphere whereas the wings are generated in the upper photosphere which are insensitive to solar UV variations . The Mg II emission line intensity reduced by a few percent in the last SAC. The other important element Mn has less abundant Mn II ions which are optically thick close to the limb and it causes the decreasing of intensity (Doschek et al. 1977) while the widths of Si II (not in our wavelength range), C II, and metallic lines increase with height above the limb. In the chromo- sphere, these emission lines contribute to the formation of absorption spectral line profiles in SSI spectra. From our analysis results, we found that only the Fe II (298.5 nm) chromospheric ion is dominant in the range 285.5 nm -300.5 nm. In other wavelengths, the other chromospheric ions such as C II, Co II, Cr II, Mg II, Mn II, Ni II and Ti II also effect the intensity but not so much as the Fe II ion because the highest ionization stage only occurs for the metal iron. Ionization stage is related with the velocity: it becomes higher as the velocity increases and the density decreases. Increasing velocity also causes the increase of the acceleration and intensity. Table 3 . Standardizing variables is very important for multivariate analysis. If we do not apply it, variables measured at different scales do not contribute equally to the analysis. Transforming the data to comparable scales prevents the huge difference between different scale variables as a variable with wide ranges will outweigh a variable with narrow ranges in boundary detection. So, standardization procedures equalize the range and/or data variability. In addition to this, we also stated the R 2 in Figs. 4 and 5.
The main idea here is that indicating the dominant chemical element ions correspond to upper and lower limits of selected spectral lines by showing SSI variations in specific wavelengths. In Figs. 1-3 , the most important wavelengths (important for finding possible elements close to these -upper and lower limits-wavelengths) are given. In Figs. 4-5, we planned to analyze only chemical element ions and chromospheric emission components of SSI spectral lines corresponding to these wavelengths.
The most distinctive increase was seen for the Fe II (298.5 nm) spectral line in the UV spectral range through the descending phase of SAC 23 as seen in Fig. 5 (a)-e and for the last years (since the middle of 1995) of the descending phase of SAC 22 (Fig. 4(c) -e) but we had to understand whether this increase is caused by the measurement error of changes of optical characteristics of measuring instruments or not. Therefore, we investigated intensity changes of two important emission lines for the plage regions, the Ca II K line (393.3 nm) and He I (587.59 nm), and they are shown in Figs. 5(b) and 5(c).
The Ca II K (393.3 nm) ions occurred in the upper photosphere and chromosphere which originated from the plage areas (Weber et al. 1998 ) and they are sensitive to the magnetic field (Gigolashvili and Kapanadze 2012a) . Magnetically active structu- res show a high contrast against the surrounding chromosphere. The Ca II K images give the possibility to see brightness along the edges of large convection cells called supergranules, and in areas called plages (Gigolashvili and Kapanadze 2012a) .
Therefore, the Ca II K line provides important information on the large-scale magnetic field structure in the chromosphere. In addition to this, the He I 587.59 nm emission line also originates in the chromosphere and its emission line belongs to the visible range of the solar spectrum. This emission line is observed in prominences and plages, and it is also sensitive to magnetic fields.
The relation between the plage area (PA), the Ca II K line (393.3 nm) and He I (587.59 nm) line have been subject of many studies: the short-term variation of the central intensity of Ca II K 3 in 1979 which was clearly an integrated light signature of PA variability in 1981 has been indicated by Livingston and Holweger (1982) ; Fontenla et al. (1999) calculated the Ca II K and Mg II h&k indices for irradiance variations by taking into account the effects of sunspots, faculae, plage, network and quiet atmosphere but ignored the minor physical effects such as spicules, macrospicules and prominences to the SSI for SAC 22; absorption features of the He I D 3 line in plages have been studied in the work of Biazzo (2005) ; observation of the Ca II K images to estimate the contribution of the plages and the network to TSI at different epochs has been worked out by Parker (2010) .
We used measurements extracted from the data center LISIRD and the same analyzing method for the spectral lines Ca II K and He I which we used for UV spectral lines. We found a decrease for Ca II K (393.36 nm) and an increase for He I (587.59 nm) for the years 2004-2009 (the decreasing phase of There are some gaps in observational data but these gaps originate from the satellites. The lower values of r c and R 2 result from these gaps, not from the analyzing technique, because we have already reduced (and/or eliminated) the signal to noise ratio to a minimum. Therefore, we applied standardization techniques to these plots. However, we also dealt with the literature results which were related to possible errors in SORCE/SIM (Solar Irradiance Monitor) to see if these increases in the irradiance for the years 2003-2009 and spectral emission lines for the years 1995-1997 and 2003-2010 originate from instrumental errors.
The opposite trend at the end of SAC 23 for the irradiance observed by SORCE has already been reported in literature but this has been very much questioned since there is a disagreement with other data and models as in Ball et al. (2012) , Ermolli et al. (2013) , and Wehrli et al. (2013) . SORCE satellite uses the UARS observations and these observations exhibit significantly larger variability in the UV, by almost a factor of 10 in the 200 nm-400 nm range. So, there might be an instrumental problem as over correction of the instrumental degradation at the origin of this opposite trend. In the paper of Ball et al. (2012) , it was indicated that the 1630 nm-2423 nm and 300 nm-400 nm bands have a lower signal-tonoise ratio than the other bands. In the 200 nm-400 nm UV band, the trend is in phase with TSI while the trend is out of phase in the wavelengths 400 nm-1630 nm.
For wavelengths 120 nm-400 nm (corresponding to the Fe II (298.5 nm) and Ca II K line in our work) where the effective brightness temperature is less than T eff = 5770 K, the irradiance decreases with decreasing solar activity while for the wavelength 587.5 nm (corresponding to He I in our work) the effective brightness is greater than T eff and the irradiance increases with decreasing solar activity. In our analysis, Figs. 5(b) and 5(c) correlate with the results in Ball et al. (2012) and the only increase was seen for the Fe II element (Figs. 4(c)-e and 5(a) ). This result increases the possibility of the solar interior variability with the following years than instrumental errors.
On the other hand, Wehrli et al. (2013) mentioned that SORCE/SIM has published an unexpected negative correlation with TSI of the visible spectral range. In contrast to this, the same instrument shows a strong and positive variability of the near UV range. For the long-term uncertainties of the SIM instruments are ≈ 0.5-0.1%, ≈ 0.2-0.05%, and 0.05% for the wavelength ranges 200 nm-300 nm, 310 nm -400 nm, and 400 nm -1600 nm, respectively. Ermolli et al. (2013) mentioned that the instrument stability for long-term variations could be much lower than short-term variations. By comparisons of the VIRGO data observations of Wehrli et al. (2013) with the SORCE observations, based on the monthly snapshots, positive correlations of SSI with TSI were found for all three wavelengths while in the analysis of annual averages, the corrections at 862 nm and at 402 nm became negative and the negative correlation for the IR channel is more likely real than for the UV channel.
Computing regression coefficients and correlation coefficients, and comparing the standardized values are necessary to reach the more accurate results for the opposite trend between the SORCE irradiance at some wavelengths and the ISSN. Furthermore, in Figs. 5(b) and 5(c), we plotted the irradiance at wavelengths where chromospheric images are usually taken as the Ca II K line and He I. Our results are consistent with the results of Ball et al. (2012) , however, new observations of SORCE should give the answer to the question of a possible error.
Data analysis results from the ground-based telescopes
In this section, we compared the time series analysis of the standardized values of SSI and ISSN with observations of sunspots/SGs, the Ca II K-flux, faculae, and plage regions taken by the ground-based telescopes. Sunspots which have different sizes and classes are one of the most important and prominent features on the solar surface (Kitiashvili 2012). Lefévre and Clette (2011) mentioned that SAC 23 was with particularly low and unique levels of the ISSN index and other solar indices. However, detailed statistics were obtained according to the group type and spot size in the works of Lefévre and Clette (2011) , Kilcik et al. (2011) and Kilcik et al. (2014) . It was found from these studies that the number of small spots show an important decrease from the year around 2000 while the number of large spots remained unaffected. In addition to this, there was also a global reduction of small SGs in SAC 23 compared to previous cycles. The ISSN is compatible with the sunspots/SGs while chromospheric ions are mostly related with faculae and plage regions. Kilcik et al. (2011) found that the large sunspot group numbers (classes D, E, F and G) which contain penumbrae both in the main leading and following spots were lower during SAC 21 than those for SACs 22 and 23. They also mentioned that the total area of small (A and B (no penumbra), C, H and J (at least one main sunspot with penumbra)) sunspots/SGs in SAC 22 was larger than for SAC 23. In contrast to this, the averaged area of small sunspots was nearly the same in both SACs. In addition to this, the total area of large sunspots was larger while the total and the daily number of large SGs are nearly the same during SAC 22 as compared to SAC 23. The facular area (FA) arises to follow the large sunspot group numbers rather than the number of small SGs. The variations of the Ca II K line spectroheliograms at some observatories are of great importance because plages account for roughly onehalf of the Sun's total magnetic flux, and most of the Sun's effect on the Earth originates from solar UV flux (Priyal et al. 2014) .
It is considered that solar irradiance variations both the spectral and total are essentially caused by solar surface magnetism and thermal structures of magnetic features (sunspots, faculae) (Foukal 1992 , Chapman et al. 1996 , Fligge et al. 1998 , Fligge et al. 2000 , Krivova et al. 2003 . Göker et al. (2016) examined a statistical analysis of solar activity indices "total solar irradiance (TSI), magnetic field, Ca II K-flux, faculae and plage areas due to the type of sunspots/SGs" through the SACs 21-23 and found interesting results that are connected with the chromospheric ions and SSI data. The main results from that paper are as follows:
(a) The number of AB and C type SGs is higher in the maximum of SACs 21 and 22 than in SAC 23, and it is the same in the minimum phase, as well. H groups have comparable numbers in the maximum phases of SACs 22 and 23, and no distinct data in the decreasing phase for some observing days as similarly seen in C type groups in SAC 23. However, in DEF groups there has been no important difference among all cycles. (d) Ca II K-flux is obviously lower in SAC 23 both for small and large SGs, however, the Ca II Kflux variations are comparable with C (essentially) and DEF type SGs while large SGs show higher correlation than the small SGs. Small SGs (especially AB type groups) correlate with the Ca II K-flux in SAC 22 while they move away from the correlation in SAC 23 (in the year 1999). FA and the Ca II K-flux are separated from synchronization in the beginning of 1999. FA starts to increase since the beginning of 1999 until the middle of 2009 and it starts to increase again after the year 2010. The small SGs (especially C groups) are comparable with the variation of the Ca II K-flux while we do not see such a correlation for FA (Göker et al. 2016, see Figs. 3 and 4) .
(e) The coverage of FA on the solar surface is maximum during the year 1990 in SAC 22 while it is lower for SAC 23 in the year 2001. Similarly, the same decreasing is seen for the Ca II K-flux as well and it continues along with the decreasing phase of SAC 23. FA highly correlates with large SGs for both SACs rather than with small groups (Göker et al. 2016, see Figs. 3 and 4) .
(f) The FA ratio decreases with increasing activity levels, whereas FA shows an increase in the decreasing phase of SAC 23. In the increasing phase of SAC 23, FA starts to increase from 1996 to 2000 because FA correlates with large SGs (Göker et al. 2016, see Figs. 3 and 4) .
(g) The total (and the average) area of plages are decreased both for the descending and ascending phases of SAC 23. The PA correlates with C type of SGs more than with the other types. Especially, in the descending phases of SACs 22 and 23, DEF SGs reach their maximum values and C type SGs follow these DEF SGs in the second order. AB SGs are in the lowest values for the descending phase of SAC 23 and they are in the same number in the ascending phases of SACs 22 and 23. Only DEF SGs start their rising before PA started to appear, and the covered area of plages on the Sun decrease after the middle of the year 2002 (Göker et al. 2016, see Figs. 4 and 5) .
(h) The FA evolve before the evolution of plage regions, and they reach maximum phases earlier than the PA. Large SGs are especially effective after the year 2002 and FA is even higher from the beginning of 2001 as opposite to the Ca II K-flux in SAC 23. The covered area of plages on the Sun decreases after the middle of the year 2002. FA has a strong influence on TSI while magnetic field is strongly related with plage regions. For the Ca II K-flux and plage regions, small SGs, especially C type SGs, are important.
DISCUSSIONS AND ANALYSIS RESULTS
The study of this paper is based on more than twenty-five years of SSI variations in the wavelength ranges 121.5 nm-300.5 nm for the period 1981-2009, and standardized values of emission components of SSI spectral lines and ISSN data analysis results for the period 1981-2010 from different interactive data centers. We reduced the selected data using the MATLAB computer programming.
From our data analysis results, we found a negative correlation of intensity of the UV (300.5 nm) spectral line (corresponds to the Fe II chemical element ion in 298.5 nm) originating in the solar chromosphere with the ISSN index during the minimum between SACs 23 and 24. Similar results for the UV spectral lines have been obtained by Amblard et al. (2008) using five years of daily EUV spectral data recorded by the TIMED/SEE (NASA Thermosphere Ionosphere Mesosphere Energetics and Dynamics/Solar EUV Experiment) satellite. Normally, the helio-seismic oscillations are associated with the inner part of the Sun while we are working on the solar chromosphere. However, Amblard et al. (2008) have found similar abnormal increases in their analysis and we thought that if something exists inside the Sun, it can easily affect the atmospheric layers.
Finally, we found the similar increases in the UV region in 300.5 nm and when we checked the chemical element ions, it corresponds to the value of the Fe II ion. The revealed negative correlations between sunspot numbers and some solar spectral bands of UV emission components and helio-seismic data (obtained by GONG and MDI) indicate that they are closely connected with the super-granules and plages (Dudok de Wit et al. 2009 ). Further, both the GONG and MDI frequencies show a surprising anti-correlation between frequencies and activity proxies during the minimum between SACs 23 and 24 (Tripathy et al. 2010 ). The main results that can be extracted from our study are as follows:
(1) In Figs. 1-3 , the SSI intensity data for 121.5 nm, 285.5 nm, 300.5 nm versus years for the descending phase of SAC 21, ascending and descending phases of SACs 22 and 23 are given. As seen from Figs. 1 and 2, there is a positive variation according to activity processes for the SSI intensity of the selected spectral lines 121.5 nm, 285.5 nm and 300.5 nm. During the unusually prolonged minimum of SAC 23, an unexpected variation is investigated for the 300.5 nm spectral line from the years 2003 to 2009 as shown in Fig. 3-(e.3) . The intensity variation interval for 300.5 nm is 4.2%, from 0.35 to 0.366 intensity value, for the descending phase of SAC 23. The high-frequency variabilities seen in the intensity profiles are caused by the sudden changes of daily data.
(2) As we know, the sense of the correlation may depend on the heights at which the flux-averaged contribution functions peak in various band-passes, and on how the sense of the correlation in any single band changes from one cycle to the next. In contrast to this, SAC 23 has got its own peculiarities and can be characterized as anomalous one. We calculated r c and R 2 values for the Figs. 1-5. r c measures a linear relationship between two variables (it changes between −1 ≤ r ≤ 1, here 1 indicates a perfect positive fit and -1 indicates a perfect negative fit) and R 2 represents the percentage of the data that is the closest to the line of best fit.
If the regression line passes exactly through every point on the scatter plot, it would be able to explain all of the variation. As it can be seen in Figs.  1-3 , the best fit corresponds to 121.5 nm and only 10 − 20% of the total variation remains unexplained in SACs 21-23. On the other hand, R 2 does not match 285.5 nm since the beginning of 1987 and the more unexplained value of R 2 emerges in SAC 23, however, the R 2 value gives relatively better results for 300.5 nm in the last SAC. This shows that the incompatible values of R 2 are not caused due to instrumental effects because all these chromospheric emission line data were taken from the same satellite observations. If one spectral line has a correlation problem, the other spectral lines should have it too but the results show the opposite of this relation. When we check the r c values, there is a good correlation for 121.5 nm and 285.5 nm for the descending phase of SAC 21 while we do not see such correlation for other SACs. However, a good quality positive fit for 121.5 nm and ISSN variation appeared in the decreasing phase of SAC 23 and approximately a perfect negative fit is evident for 300.5 nm as well. Contrary to this, there is no correlation in 300.5 nm for SACs 21 and 22, and the ascending phase of SAC 23. It shows that the increasing number of large SGs caused the r c values to give a relatively perfect fit and this result introduces the importance of the number and the class of sunspots/SGs in SACs. The ISSN and SSI profiles are compatible with sunspots/SGs while chromospheric emission lines (see Figs. 4 and 5) are mostly related with faculae and plage regions. Thus, this relation explains the negative fit of r c in the descending phase of SAC 23 (especially for 300.5 nm) as seen in Fig. 3. (3) When the stretch of SAC gets longer, the average temperature and the magnetic field intensity decrease. Decreasing temperature will cause the decrease of the radiation and intensity. As we know from literature, SAC 23 was also weak in sunspot number, facular activity, F10.7 and the area of bright faculae and chromospheric plages. Despite the fact that these parameters indicate lower values, the intensity increased in the descending phase of the last solar minimum. Therefore, we can say that the increase of the intensity is not affected directly by the temperature or the other well known parameters. Essentially, the affect of plage regions to the chromospheric radiation is already known and the plage regions are also very important for the SSI intensity because the most part of the SSI radiation is taken from the chromosphere. On the other hand, the determination of the SSI variability and finding accurate results below 400 nm is not easy, and the bound-bound absorption of the metallic lines below 400 nm are the most important opacity sources.
Thus, standardization of chromospheric emission lines below 400 nm is very important. Based on this, (a) the uncertainty of R 2 is maximum 30% for all cycles and a perfect positive fit with ISSN is clearly seen for 121.5 nm. The R 2 is a measure that allows us to determine how certain one can be in making predictions from a certain graph. (1), respectively. The smaller error (or smaller p-value) value (p ≤ 0.05) corresponds to a better fit while larger pvalue suggests that changes in predictor are not associated with changes in the response. In other words, the p-value helps to determine the significance of results when a hypothesis test in statistical analysis is performed. The p-value is the probability that, using a given statistical model, the sample mean difference between two compared variables would be the same as or more extreme than the actual observed results when the null hypothesis is true. This hypothesis says that there is no statistical significance between the two variables if p-value is larger. In this situation, the null hypothesis can not be disproved and our statistical results move away from the best fit as opposed to the smaller p-value. The "best fit" for the data points means, as in the least-squares approach, a line that minimizes the sum of squared residuals of the linear regression model. If the p-value changes between 0.05 ≤ p ≤ 0.10, it is defined as marginally significant. On the other hand, if the slope has a smaller relative error than the intercept, we can get more reliable estimates from the data. The slope parameter B shows the sign of the regression line. If B is negative, it corresponds to decrease of y values while x values are increasing as it can easily be seen is Figs. (1)-(a.1)-(a.3) , (2) Table 4. (5) In the UV ranges of the spectrum, chromospheric metal ions are especially increased and this increase is more powerful for the metal iron for the descending phases of SACs 22 and 23 (298.5 nm) as seen in Figs. 4(c)-e and 5(a)-e. Ermolli et al. (2013) pointed out the stronger variability in the UV spectral range. So, any physical changes (e.g. the velocity, acceleration, the density, and the radius of the medium) that will occur in the UV region substantially effect the heavy element ions (especially iron in the present wavelength range). We also analyzed the two important chromospheric spectral lines such as the Ca II K line (393.36 nm) and He I (587.59 nm) which are related with the plage regions to prove our investigations for the Fe II chromospheric ion. From our analysis, we found decreasing and increasing intensities of the Ca II K line and He I which are given in Figs. 5(b) and 5(c), respectively. These results show us the accuracy of our data analysis because the radiation in the visible and infrared spectrum has a distinguishably different temporal character than the UV spectrum, particularly below 300 nm. Maximum energy changes occur at wavelengths from 400 to 500 nm while fractional changes are greatest at UV wavelengths (Singh et al. 2012 ). The intensity plots are different for the Ca II K and He I spectral lines because they appear on different solar areas as faculae, plage regions, and chromospheric network on the different solar layers such as the photosphere and chromosphere. Another reason for decreases and increases of the intensity of Ca II K and He I are their ionized and neutral characteristics, separately.
(6) ISSN and sunspot area are strongly correlated with each other, however, the effect of sunspot area is more important for the solar activity than the ISSN variability. Accordingly, small sunspot group numbers are generally connected with ISSN rather than large sunspot group numbers while FA shows better agreement with large sunspot group numbers. Nevertheless, the small and large sunspot group numbers show similar time variations only during SAC 22, AB and C type SGs are higher in SACs 21 and 22. The DEF groups have no important difference between all cycles and they are connected with TSI (and SSI) variations. (Figs. 2 and 3 ). The year 1996 is important because the increasing of FA in 1996 is caused by separation of FA and the Ca II K-flux from the synchronization in the beginning of 1999 and the coverage of FA on the solar surface is maximum in 1990. As we can see in Fig. 4(c) -e, the increase starts from the beginning of 1996 while it is lower in the declining phase of SAC 23 from the year 2003 to 2010 (Fig. 5(a) -e) and these increases of spectral line profiles correspond to the Fe II ion.
(8) This paper (and Göker et al. 2016) shows us the importance of the number and classes of sunspots/SGs, facular area, the Ca II K-flux, and plage region and their effect on SSI, chemical element ions and the ISSN variability. The small sunspots/SGs are important for intensity variations rather than the chromospheric ions while larger sunspot group numbers are effective for chromospheric (chemical element) ions.
CONCLUSIONS
An investigation of solar UV irradiance variability gives a good possibility for better understanding of physical processes existing on the Sun and global climate processes on Earth. Measurements of solar UV and FUV irradiance obtained by space experiments are particularly important because of their dominating role in solar-terrestrial connections.
The goal of our study is to investigate how well the irradiance variability of different UV wavelength bands coincides with the solar activity indices for different SACs and to estimate the existing correlation quantitatively. According to our study it is found that some chromospheric spectral lines do not agree equally well with the ISSN during the decreasing phases of SACs 22 and 23. Normally, the ascending phases of SACs are characterized by a relatively higher activity than the descending ones, but the descending phase of SAC 23 and the early stage of the ascending phase of SAC 24 have shown a particularly high-level of activity. The most distinctive increase is seen for the Fe II (298.5 nm) spectral line in the UV spectral range through the descending phase of SAC 23 and for the last years (since the middle of 1995) of the descending phase of SAC 22. Other increase is seen for the Cr II (286.5 nm) spectral line only in the descending phase of SAC 22. The anomalous activity from the beginning of SAC 23 can play a significant role in further development of SAC 24 and in forecasting of parameters for the upcoming cycle.
In the present paper, we give the analysis results of SSI and ISSN data, and suggest the connection of these parameters with chromospheric element ions from the corresponding spectral lines. We also connected these variations with faculae and plage regions, and the numbers and classes of sunspots/SGs. We found that ISSN is compatible with sunspots/SGs while chromospheric ions are mostly related with faculae and plage regions. The number of AB and C type SGs is higher in the maximum and minimum of SACs 21 and 22 than in SAC 23. However, in DEF groups there has been no important difference between all cycles. In SAC 23, large SGs reach their maximum number about 2 years later than the small ones and this time difference is more effective for magnetic field than in TSI. Small SGs (especially AB type groups) correlate with the Ca II K-flux in SAC 22 while they move away from the correlation in SAC 23 (in the year 1999) and FA arises to follow the large sunspot group (DEF type groups) numbers. FA and the Ca II K-flux are separated from the synchronization in the beginning of 1999 and FA starts to increase. PA correlates with C type SGs and the total (and the average) area of plages are decreased both for the descending and ascending phases of SAC 23. FA have strong influence on TSI while magnetic field is strongly related with plage regions. This relation explains the decrease of magnetic field and relatively unaffected variation of TSI in the last SAC 23. The effect of plage regions to chromospheric radiation is already known and the plage regions are also very important for the SSI intensity because the major part of the SSI radiation is taken from the chromosphere.
Our time series analysis results on solar activity indices correlate with our analysis results on SSI, chemical element ions, and ISSN variations. The distinct increase starts from the beginning of 1996 for the Fe II ion (298.5 nm) while it is lower in the decreasing phase of SAC 23 from the year 2003 to 2010 and this increase of the Fe II ion spectral line profile corresponds to the separation of FA and the Ca II K-flux from the synchronization in the beginning of 1999 and increasing of FA on the Sun. However, we need time series analysis of these spectral lines to relate with the solar activity indices for the following cycle 24 to find the exact correlation between these parameters. This is a different and long-term study, and SAC 24 will be a very good laboratory to analyze this feature in our next paper. Our findings may also influence our understanding of long-term variations of the SSI and TSI which is thought to be an important factor in the Sun-Earth climate relationship. Our results thus reveal the potential of such detailed SSI, FA and PA connection analyzes for understanding and predicting future trends of the chromospheric ions in SAC. Our future work will be the theoretical study of this connection and to develop a corresponding model.
